Abstract. In an earlier publication we developed a bubble model, based on our evolution of the original ideas of van Hove which we concurred with over two decades ago; namely, that if a quark-gluon plasma is produced in a high energy heavy ion collider, then some of its hadronization products could be emitted from small bubbles localized in phase space containing plasma. In this paper we refined the model to become a parton bubble model in which each localized bubble contains initially 3-4 partons which are almost entirely gluons forming a gluon hot spot. We greatly expanded the transverse momentum interval investigated and thus are able to treat recombination effects within each bubble. We again utilize two-particle correlations as a sensitive method for detecting the average bubble substructure. In this manuscript we make many predictions for angular correlations detectable at RHIC, which will be later modified to LHC conditions. A quantitative test of the multi-bubble substructure assumed in the model was made by comparing with precision STAR Collaboration correlation analyses. Good quantitative agreement was obtained. Some early available low precision correlation analyses is qualitatively explained.
Introduction and general considerations
In an earlier publication [1] we introduced a bubble model. In this paper we further developed our evolution of the original ideas of van Hove with which we concurred with over two decades ago [2] [3] [4] [5] [6] [7] ; namely, that in heavy ion collisions at energies that are accessible at colliders such as RHIC or LHC, if a quark-gluon plasma (QGP) is created, it might produce bubbles (or droplets) containing QGP localized in phase space. In [1] we proposed a bubble model for high energy heavy ion collisions, consisting of a single ring of 13 adjoining 2 fm radius bubbles transverse to the collider beam direction, centered on the beam, and located at or near mid-rapidity. Figure 1 of this paper has 12 bubbles in the ring and represents the bubble geometry used in this paper. Reference [1] had 13 bubbles in the ring because that was the mean number of that prior calculation. Thus though the two figures are very similar they are not identical. Therefore Fig. 1 is the geometry for the final state kinetic freezeout of the QGP bubbles on the surface of the expanding fireball. In the central (near impact parameter 0) mid-rapidity region at RHIC we are observing the region where the highest energy densities and temperatures (parton energies) are produced. The √ s NN = 200 GeV central Au + Au collisions at RHIC produce initial energy densities [8] which exceed those predicted by lattice quantum a e-mail: lindenbaum@bnl.gov chromodynamics (QCD) as sufficient for production of a QGP [9] .
In this paper we are concerned with making model predictions which can, by comparing with experimental analyses, test whether a localized bubble (gluonic hot spots) substructure exists. After a successful demonstration of this, we plan in a later stage to search for QGP characteristics arising from the bubbles. Evidence for a bubble substructure (dense gluonic hot spots) perhaps originating from a quark-gluon plasma (QGP) could be found in particle correlations produced in these collisions.
Motivation for the model
Our motivation for the evolution of the bubble model has been the following: In the early eighties it was reasonable to expect that high gluon densities would be produced at RHIC in central Au + Au collisions at √ s NN = 200 GeV/c. Due to strong attraction between gluons of low relative momenta one could speculate that clusters or bubbles of higher density gluons (gluonic hot spots) localized in phase space would form. The van Hove model [2] proposed in 1984-1985 was a good illustration of this possibility. The actual dynamics of formation of these clusters or bubbles and their evolution to the final state at freeze-out involved strong non-perturbative QCD effects and dynamical effects. These effects are enormously complex and are not understood, because they involve a series of processes, many of which are not known and calculable. Thus they could at best only be approximated by models such as a string model or other models. Therefore one could only speculate, and hope that future experimental observations would possibly provide evidence for such substructures. With the observation of substructures, they become input to theoretical models. Such a model could then be tested by comparison with experimental data analyses sensitive to such substructures. Depending on the uniqueness of the substructure signals, convincing evidence for these bubbles might be established.
Whether a QGP is formed or not formed, the evidence for substructure and a way to isolate these substructures makes it possible to do further detailed analyses. If QGP signatures exist in these substructures (bubbles) then one could have an enriched sample that could eventually provide evidence for the QGP.
Observations using the Hanbury-Brown and Twiss quantum interference (HBT) [10, 11] show that the final state source size has a dimension characterized by a radius of 6 fm at low p t . This source size reduces with increasing p t to approximately 2 fm at or above a p t value of 0.8 GeV/c. We used the above fact to postulate a bubble substructure in the final state with the radial dimension of each bubble approximately 2 fm. This led to [1] and the present parton bubble model presented in this manuscript. Reference [1] also led to the STAR experimental data analyses [12] which were designed to provide a quantitative test for the model [1] . The parton bubble model presented in this manuscript is a parton inspired version of [1] . In Sect. 4 we compare the STAR experimental analysis [12] with our analysis of parton bubble model generated events and find good quantitative agreement.
A letter [13] quoted and discussed in [1] was relevant to our work since it predicted a range of domain sizes (bubbles or gluonic hot spots) one of which was 2 fm which coincided with our HBT based estimate. Two earlier papers [14, 15] considered gluonic hot spots and are of interest, but they were not used in our work.
In summary our original motivation was the van Hove model, which was the earliest, and predicted how to check it quantitatively by experiments. Our manuscript in 2000 [7] predicted striking signals for isolated bubbles (gluonic hots spots) which were not observed. The HBT work and our interpretation of it as due to a multi-bubble substructure of radial dimensions approximately 2 fm is described in [1] and the present manuscript. These ideas allowed us to build a model based on striking experimental observations.
General details
The bubble ring radius of our model was estimated by blast wave and other general considerations to be approximately 8 fm [1] . This single bubble ring resides on the surface of the expanding fireball at freeze-out. Each bubble might emit a considerable fraction of final state particles resulting from the QGP state, and there would be very little re-interaction for those emitted outward from the surface because the surface of the fireball is at freeze-out. The choice of the 2 fm radius was motivated by the HBT [10, 11] observations which have shown that at low p t the final state
